many of these psychosocial characteristics are highly correlated. 6, 25, 26 On the other hand, conflicting results regarding risk of coronary heart disease related to the type A behavior pattern, which is a multidimensional construct and one of the most extensively examined psychosocial factors, led to the hypothesis that different components of the type A behavior pattern may have differential health risks. [27] [28] [29] Using the Coronary Artery Risk Development in Young Adults (CARDIA) study, we systematically and prospectively investigated the relationships of the 3 main components of the type A behavior pattern-hostile attitudes (hostility), time urgency/impatience (TUI), and achievement striving/ competitiveness (ASC)-and 2 other major psychosocial factors, depression and anxiety, with long-term risk of developing hypertension.
METHODS
CARDIA is a multicenter, longitudinal study of the development of coronary artery disease risk factors in young adults. Details of the study design are published elsewhere. 30 Briefly, the cohort includes 5115 black and white adults (51% of eligible persons contacted) aged 18 to 30 years at year 0 (1985) (1986) ) recruited from 4 metropolitan areas (Birmingham, Ala; Chicago, Ill; Minneapolis, Minn; and Oakland, Calif ). Within each center, the sample was designed to comprise approximately equal numbers of participants by sex, race (self-defined: black or white), age (18-24 or 25-30 years), and education (Յhigh school or Ͼhigh school). Five follow-up examinations have been conducted at years 2, 5, 7, 10, and 15 (2000-2001) . All examinations were approved by institutional review boards at each institution, and informed consent was obtained from each study participant.
Assessment of Psychosocial Factors
The TUI and ASC components of type A behavior pattern were ascertained from the 10-item Framingham Type A Questionnaire 19 collected at year 0. According to the coding scheme previously reported, 31 TUI was measured by 4 items (feeling pressured for time in general, feeling pressured at the end of an average work or housework day, eating too quickly, and getting quite upset when having to wait for anything). These 4 items were summed into a rating scale for TUI, with a range of 0 to 4 points: 0 (low), 1 (medium-low), 2 (medium-high), and 3-4 (high). The group with a TUI score of 4 was combined with the score group of 3 because of small numbers. In a similar fashion, the ASC component was classified into 4 mutually exclusive categories on the basis of 4 other items in the Framingham Type A Questionnaire (having a strong need to excel in most things, being bossy or dominating, being hard driving and competitive, and thinking about work after working hours or all day long).
Assessed at both years 0 and 5 (1990-1991) , hostility was measured with the 50-item Cook-Medley Hostility subscale of the Minnesota Multiphasic Personality Inventory, which used a true-false format. 32 This scale measures cynicism, hostile attribution, hostile affect, aggressive responding, social withdrawal, and other unspecified components of hostility. For these analyses, a total hostility score, ranging from 0 to 50, was used and categorized into approximate quartiles of the distribution. Data on depression and anxiety were not collected until year 5. The Center for Epidemiological Studies-Depression scale with 20 items and 4 response choices for each item was the instrument used to measure depression. 33 This scale encompasses the major components of depressive symptoms (ie, depressed mood, feelings of guilt, worthlessness, helplessness, hopelessness, and sleep and appetite disturbance). Anxiety was measured by the Spielberger Trait Anxiety Inventory, also with 20 items and 4 response choices for each item. 34 This instrument assesses the general tendency of experiencing anxiety (ie, unpleasant feelings of tension, apprehension, nervousness, and worry). In a way compatible with hostility, depression (scores ranging from 0 to 60) and anxiety (scores ranging from 20 to 80) were classified into approximate quartiles. All 4 psychosocial instruments were self-administered and, with the exception of assessing ASC with 4 items in the 10-item Framingham Type A Questionnaire separately, have been previously used in population-based studies. 6, 19, 31, 35 For all 5 psychosocial variables, higher scores indicate higher tendency of a particular trait. Both the continuous (ordinal) and categorical versions of these variables were analyzed in relation to risk of hypertension.
Definition of High Blood Pressure
Hypertension was defined according to the criteria of the Joint National Committee 7: systolic blood pressure of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or higher, or current use of antihypertensive medication. 36 A Hawksley random zero sphygmomanometer was used to measure blood pressure. After a 5-minute rest, the right arm blood pressure of a seated participant was assessed at three 1-minute intervals. First-and fifthphase Korotkoff sounds were recorded, and averages of the second and third measurements were used in all analyses. 30 Trained interviewers obtained information on medication uses, including antihypertensive medications. Hypertension incidence was defined as the percentage of nonhypertensive participants at year 0 or year 5 who developed hypertension at 15-year follow-up.
Baseline Covariates
To correspond with the time of psychosocial measurements, baseline refers to year 0 for TUI, ASC, and year 0 hostility, and to year 5 for depression, anxiety, and year 5 hostility. Standard hypertension risk factors 36, 37 were included in the analyses to adjust for potential confounding and/or to assess the independent effect of psychosocial factors. Information on age, years of education completed, and weekly alcohol consumption (converted into milliliters per day) 38 was collected by questionnaire. Medical history was administered by interviewers at year 0 but selfadministered at year 5. Physical activity was assessed by a standard instrument, and energy expenditure for all moderate and vigorous activities was calculated in exercise units. 39 Body mass index (BMI) was computed from measured height and weight as weight in kilograms divided by the square of height in meters.
Exclusions
Of the 5115 participants at baseline, 3672 (74% of the surviving cohort) were examined at 15-year follow-up. At the year 15 examination, pregnant women (n=20) and participants without blood pressure data (n=12) were excluded. The following exclusion criteria were maintained for both the year 0 and the year 5 sample. At year 0, 332 individuals were excluded for the following reasons: pregnancy (4), hypertension (98), history of myocardial infarction or angina (3), missing covariates (25) , or missing TUI, ASC, or hostility (202). The final year 0 sample included 3308 individuals (90.1% of all year 15 participants); 636 black men, 897 black women, 833 white men, and 942 white women. The year 5 sample was composed of 3156 participants (1400 [44.4%] were black and 1761 [55.8%] were women). For the complete sample of nonpregnant, nonhypertensive individuals with data on all variables of interests at both years 0 and 5, the sample size was reduced to 2916. Individuals who were lost to follow-up or who had missing data were more likely to be black, male, younger, less educated, and smokers than participants in the study sample. Tendency of TUI or ASC did not differ between the 2 groups, but the former group was slightly more hostile, depressed, or anxious at time of assessment.
Statistical Analyses
The distribution of each of the 5 psychosocial factors (proportion within each of the 4 categories for each variable) was computed first. Given the ordinal nature of these variables, correlation among these factors was assessed with the use of Spearman rank order correlation. Baseline characteristics were compared across the 4 categories of each psychosocial variable and presented for the lowest and highest groups with significance tests by 2 for categorical variables or unpaired 2-tailed t tests for continuous variables. Ageadjusted incidence rates by 4 psychosocial categories for the total sample and for each race and sex group were computed using general linear models with the binary variable of developing or not developing hypertension as the outcome, in which least square means of the binary outcome provided the percentages (incidence) of hypertension cases for each category, adjusting for the age distribution within each subsample. Multivariable logistic regression analyses were used to model the odds for developing hypertension at 15-year follow-up. Standard techniques were used to select models and to test for model validity (eg, goodness of fit, interactions, and collinearity). 40 The final model included race, sex, baseline age, systolic blood pressure, education, BMI, physical activity, alcohol consumption, and 3 dummy variables, with the lowest category as the omitted reference group for each of the 5 psychosocial variables in separate models and additional models with simultaneous adjustment for all 5 psychosocial variables. Smoking was not included due to its inconsistent association with hypertension. Test for linear trend was performed with the continuous psychosocial variables in appropriate models (ie, general linear models for continuous outcomes and logistic regression for binary outcomes). All analyses were conducted using SAS statistical software (Version 8.02; SAS Institute Inc, Cary, NC).
RESULTS

Distributions and Correlations of 5 Psychosocial Factors
Of the 3308 participants in the year 0 sample, the distributions of TUI and ASC were similar in that the highest proportion of individuals had a score of 1 (medium-low category: 35.7% for TUI and 42.3% for ASC; TABLE 1), whereas the lowest proportion had affirmative answers for 3 or 4 of the 4 questions (high category: 15.0% for TUI and 10.9% for ASC). Because the quartile cut points for hostility (n=3308), depression (n = 3156), and anxiety (n = 3156) were integer values, the 4 groups within each factor contained similar numbers of individuals. As shown in Table 1 , these 5 psychosocial factors were correlated with most Spearman rank order correlation coefficients ranging from 0.16 to 0.31 (PϽ.001). The correlation between depression and anxiety was much higher (r = 0.71), whereas their correlations with ASC were much lower.
Baseline Characteristics by Psychosocial Groups
The mean age at the time of assessment was 25.1 years for TUI, ASC, and hostility and 30.1 years for depression and anxiety. At baseline (year 0), individuals with higher TUI scores were more likely to be women, white, and smokers and to have a more sedentary lifestyle and a lower mean systolic blood pressure (TABLE 2) . On the other hand, higher proportions of men, blacks, more educated persons, and more physically active persons had a higher tendency of ASC. Men tended to score higher on hostility but lower on depression and anxiety than women. Other characteristics of individuals with higher degrees of hostility, depression, or anxiety were similar. Positive associations were observed between hostility, depression, and anxiety and black race, smoking, drinking alcohol, and BMI. Negative associations were observed between these 3 psychosocial factors and age, years of completed education, and physical activity (except for hostility).
Age-Adjusted Incidence of Hypertension
For the year 0 sample, the incidence of hypertension at year 15 was 15.0% Depression and anxiety were assessed at the third examination (1990-1991) at ages 23 to 35 years. Survey instruments appear in parentheses after each psychosocial factor. †Range in this row represents the possible minimal and maximal values for each instrument. Percentages may not total 100 due to rounding. ‡For the subsample with data on all 5 psychosocial factors. P values are less than .001 unless otherwise indicated. §P = .07. P = .03. **Assessed using a standard instrument. Energy expenditure for all moderate and vigorous activities was calculated in exercise units. 39 overall, with 7.0% taking antihypertensive medication and 8.0% not taking medication but having a systolic blood pressure of 140 mm Hg or higher and/or a diastolic blood pressure of 90 mm Hg or higher. For the year 5 sample, the corresponding numbers were 13.6%, 5.9%, and 7.7%. For the cohort as a whole, there was a significantly graded positive relationship of TUI (P for trend=.001), hostility (P for trend Ͻ.001), and depression (P for trend=.047) with age-, race-, and sexadjusted 15-year incidence of hypertension (FIGURE 1). For example, the adjusted hypertension incidence was 11.6% for individuals with TUI scores of 0 vs 18.4% for individuals with TUI scores of 3 or 4. In general, the observed patterns held true for the 4 raceand sex-specific groups, with stronger associations for white men than for other groups (FIGURE 2 and FIGURE 3 ).
Multivariable-Adjusted Risk of Hypertension
TABLE 3 presents the odds ratios (ORs) and 95% confidence intervals (CIs) of developing hypertension during the 10-or 15-year follow-up periods, adjusted for baseline (year 0 or year 5) hypertension risk factors and each of the 5 psychosocial factors separately for the total sample and the 4 race and sex groups. For the total sample, the association of TUI with risk of hypertension was positive, significant, and graded. Compared with the lowest score group, the 2 highest score groups had an OR of 1.47 (95% CI, 1.08-2.02) and 1.84 (95% CI, 1.29-2.62). This association was also found for hostility (OR, 1.38; 95% CI, 1.00-1.91) and (OR, 1.84; 95% CI, 1.33-2.54). The associations between TUI or hostility and hypertension were not as consistent for the 4 subgroups defined by race and sex, with P values for trends ranging from .04 to .19 for TUI and from .002 to .10 for hostility. Compared with the ageadjusted results (Figure 1 and Figure  3B) , the relationship between depression and hypertension risk was attenuated so that no significant association was observed for any of the quartiles (ORs ranged from 1.23 [95% CI, 0.88-1.73] to 1.35 [95% CI, 0.94-1.92]; P for trend = .53). Participants in the highest ASC group had an elevated risk of hypertension (OR, 1.52; 95% CI, 1.06-2.18), but in subgroup analyses, this was only apparent among white men. No consistent patterns emerged from models relating to anxiety. Of note, estimates for white women were not as stable as those for other groups as indicated by the wide CIs, potentially due to small numbers of incident cases of hypertension in this group (eg, 5.0% overall for the year 0 sample). We conducted additional analyses for the full sample of nonhypertensive individuals at both years 0 and 5 with data on all variables of interest (n =
Supplemental Analyses
To maintain compatibility, we did not use race-and sex-specific quartile cut points for hostility, depression, or anxiety in the stratified analyses by race and sex reported herein. Additional analyses with race-and sex-specific cut points did not yield materially different results (data not shown). Due to the high correlation between depression and anxiety, we repeated the full model with only 4 psychosocial risk factors (without depression or without anxiety) and observed similar results (data not shown). We examined the 10-year hypertension risk associated with hostility quartiles assessed at year 5 (n=3118). The cut points were 1 to 3 points lower than year 0 hostility, suggesting that on average, hostility decreased with age. Compared with the lowest quartile, the unadjusted OR for quartile 2 was 1.39 (95% CI, 1.02- Abbreviation: CARDIA, Coronary Artery Risk Development in Young Adults.
*Each column represents 5 separate models, one for each psychosocial factor. All models include baseline (year 0 for the first 3 psychosocial factors, year 5 for the last 2 psychosocial factors) age (years), education (years completed), body mass index (kg/m 2 ), physical activity (exercise units), alcohol consumption (mL/d), and systolic blood pressure (mm Hg). Models for the total sample also include race (black) and sex (male). †Unless otherwise indicated. ‡Linear trend across the 4 strata of the psychosocial variables obtained from the significance tests for the coefficients of the continuous version of these variables entered in the same models. 
COMMENT
In this cohort of white and black young adults, we found that TUI and hostility assessed during young adulthood were associated in a doseresponse manner with a higher risk of developing hypertension 15 years later. These associations were independent of age, sex, race, baseline systolic blood pressure, education, BMI, daily alcohol consumption, and level of physical activity. With the exception of white men, no consistent relationship was observed between ASC and 15-year risk of hypertension and between depression or anxiety and 10-year risk of hypertension.
Hostility
Prior literature on the composite (global) measure of type A behavior pattern and hypertension is not consistent. 8, 9, 19, 41 This inconsistency could be due in part to the multidimensionality of the type A behavior pattern.
27-29 To our knowledge, the current study is the first prospective study that assesses simultaneously the risk of developing hypertension associated with the 3 main components of the type A behavior pattern (TUI, ASC, and hostility). Of these 3 components, hostility has been examined most extensively, and a metaanalytic review based on 45 studies concluded that hostility was an independent risk factor for coronary heart disease and all-cause mortality. 35 Although a few studies 20,21 did not find an association between hostility and blood pressure, our result of a positive relationship between hostility and hypertension incidence is consistent with most previous research demonstrating higher blood pressure levels related to hostility. 10, 11, 17, 18 
TUI and ASC
The contrast between a positive association of TUI but lack of a strong association of ASC with incident hypertension is consistent with other studies investigating the health consequences of these traits. 29, 42 For example, Spence et al 42 reported a significant positive relationship between the impatience/ irritation subfactor of the Jenkins Activity Survey and poor health but no correlation with academic achievement. To the contrary, the hard-driving/ competitive subfactor was related with achievement but not health. The TUI component was shown to be linked to a higher risk of cardiovascular and other adverse health outcomes 27, 31, [43] [44] [45] ; however, some other studies 41, 46 did not substantiate these results. A nested casecontrol study by Dembroski et al 46 found that "speech style" assessed by "loud voice volume, explosive voice, rapid and accelerated speech, and short latency answers," a potentially more objective measure of TUI, was not predictive of increased risk in coronary heart disease. On the other hand, dichotomous "potential for hostility" was an independent risk factor for coronary heart disease in younger men (35-47 years) but not in older men (48-55 years) (relative risk=2.1; P = .01). *Each column represents one model. Columns 2 and 3 include as covariates nonpsychosocial factors measured at year 0; the last 2 columns include these same variables measured at year 5. All models include all variables listed (the first 3 psychosocial variables from year 0 and the last 2 from year 5). †ORs and 95% CIs associated with approximately 1-SD differences in the continuous versions of the psychosocial variables (1 score for time urgency/impatience and achievement striving/competitiveness and 9 scores for the other 3 variables). ‡ORs and 95% CIs for the highest group for the psychosocial variables (2 other dummy variables for the middle 2 groups also entered in the models but not shown here. The lowest group was the reference group). §Odds ratios presented are those associated with the unit differences in parentheses for that risk factor.
Depression and Anxiety
No independent association between depression or anxiety and 10-year incidence of hypertension was found in our cohort, although depression categorized into 3 groups was positively associated with very high blood pressure (systolic blood pressure Ͼ160 mm Hg, diastolic blood pressure Ͼ95 mm Hg, or taking antihypertensive medication), particularly among whites. Findings from previous research on this topic have been inconsistent, with a positive relationship reported in some studies [12] [13] [14] [15] [16] but not in others. 20, 22, 23 A few studies 12,14 observed mixed results for different subgroups defined by age, race, or sex in the same population. For example, Jonas et al 12 reported multivariable-adjusted increased risk of hypertension incidence during a mean follow-up of 9 years for white adults aged 45 to 64 years and for black adults aged 25 to 64 years who had high depression or anxiety scores based on two 4-item scales from the General Well-Being Schedule. These associations, either unadjusted or multivariable adjusted, were not found for white adults aged 25 to 44 years. Similarly, a prospective study of CARDIA participants 14 reported that depressive symptoms classified into low, intermediate, and high were predictive in blacks but not in whites of 5-year incidence (from year 5 to year 10) of hypertension (defined as systolic blood pressure Ͼ165 mm Hg, diastolic blood pressure of Ͼ95 mm Hg, or undergoing treatment). In the same study, with hypertension defined as systolic blood pressure of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or higher, or receiving treatment for hypertension, no significant relationship was observed after multivariable adjustment except for blacks in the intermediate depression group.
Results for anxiety have also been mixed. 12, 15, 16, 23, 24 A report from the Framingham Heart Study (497 white men and 626 white women) demonstrated that only middle-aged men (aged 45-59 years) with high levels of anxiety, measured by a 7-item tension scale, had an elevated risk of hypertension during 18 to 20 years of followup. 16 This increased risk was not found in middle-aged women or older men or women (aged Ն60 years).
Psychosocial Factors and Hypertension
The inconsistency of findings across studies on the relationship of psychosocial factors with hypertension is likely due to differences in research designs, psychosocial measurements, outcome definitions, length of follow-up, and study populations across studies and intraindividual, interindividual, and interpopulation variability of psychosocial factors. Our prospective study design, relatively large sample size balanced on sex and ethnicity (black and white), standardized data collection and quality control, and systematic analyses of 5 psychosocial factors confer credibility to our results on the relationship between psychosocial factors and risk of developing hypertension from young adulthood to early middle age. The etiology of hypertension is multifactorial, involving genetic factors, biophysiological processes, daily experiences throughout life, interactions between psychosocial factors and stress-provoking environments, and behavioral choices, such as diet, exercise, and weight regulation. 7 Psychosocial factors must be understood in this broader context as part of the risk profile of the individual.
The prospective relationship between psychosocial factors and risk of developing hypertension may be confounded or mediated by demographic, socioeconomic, and behavioral factors. 47 In general, younger persons, blacks (except for TUI), women (except for ASC or hostility), and less educated individuals (except for TUI or ASC) reported higher levels of measured psychosocial attributes. However, we found that the higher risk of developing hypertension associated with higher scores of TUI and hostility was independent of known risk factors for hypertension. Adjusting for daily alcohol consumption, physical activity, and BMI only slightly attenuated the relationship between TUI and risk of hypertension. The attenuation appeared to be stronger for hostility and depression, suggesting higher correlations between these 2 behavior patterns and lifestyle factors.
Biologically, it is plausible that psychosocial factors may increase the risk of developing hypertension. Sympathetic nervous system stimulation from acute stress, leading to increased cardiac output, vasoconstriction, arterial pressure elevation, impaired endothelial faction, and platelet activation has been suggested as one mechanism. 26, [47] [48] [49] [50] It has also been proposed that hypercortisolemia and endocrine dysfunction may be involved in these processes. 47, 51, 52 However, it is not well established whether the higher reactivity and temporary dysfunction of shortterm stress lead to hypertension in the long run. The complex physiological processes involved in the potential linkage between psychosocial factors and development of hypertension are not well understood. More rigorous studies on underlying pathophysiological mechanisms of health risks related to psychosocial factors are needed.
Potential Limitations
This study has several limitations. First, the 5 psychosocial factors were not measured at the same time, and for most, they were only measured once. Previous research 53 has demonstrated that multiple assessment is superior to single assessment in evaluating the psychosocial risk of the individual. Similarly, blood pressure measurement was obtained at a single examination, which may not be as reliable as measurements obtained at different time points 54 or from ambulatory blood pressure monitoring. 55 Second, power may not be adequate to obtain precise race-and sexspecific risk estimates, especially for white women. Third, even though we included systematic adjustment for established hypertension risk factors, residual confounding from unmeasured variables is still a possibility. Finally, our cohort of urban young adults may not be representative of the general popu-lation, and differences between cohort members lost to follow-up and participants in the study were observed, possibly resulting in biased estimates. However, our study sample included the full spectrum of distributions for the variables of interest, the outcome, and a series of control variables. Therefore, any influence from missing data and loss to follow-up on within-person prospective relationships is likely to be small. Although not a limitation per se, comparisons of the magnitudes of effects of different psychosocial factors should be interpreted with caution because various psychosocial factors are measured differently, may differ in their mechanisms of action, and may have effects that vary across individuals.
In summary, a dose-response increase in risk of developing hypertension was associated with a higher tendency of TUI and hostility but not ASC, depression, or anxiety in this young adult cohort. It appeared that for all 5 psychosocial factors, the graded relationship or a threshold effect for the highest levels was more consistently observed in white men than in black men or white and black women. Based on prior research and our results for the 4 race and sex groups, relationships between various psychosocial factors and risk of hypertension appear to differ across different age, race, and sex groups, and further investigations are needed. One important aspect of future research should be the development of psychosocial instruments with adequate reliability, validity, and unidimensionality. Given the potentially high intraindividual variations in psychosocial characteristics over time, future studies would benefit from including several measurements at different time points. Also needed is the development of effective strategies for recognizing, modifying, alleviating, and managing harmful psychosocial tendencies. Successful implementation of these strategies at the personal, clinical, and community level could have important implications for prevention and management of hypertension and cardiovascular disease. 
